Abstract
due to compressive forces or extensive stretching; degenerative changes such as osteoarthritis and inflammatory processes including rheumatoid arthritis [5, 6] . Facet joints are richly innervated by the medial branches from the dorsal rami above and below each joint [7] . The proportion of people affected by low back pain for whom facet joint pain is a contributing factor is unclear. In an interventional pain management practice study the prevalence of chronic back pain being caused by facet joints was reported to be 31 % [8] .
It is plausible that people whose low back pain is arising, at least in part, from facet joints is a sub-group for whom specific local treatment might be effective. The role of interventional procedures, such as intra-articular facet joint injections, in the management of low back pain is not clear. It is intra-articular injections for facet joint pain that are the focus of this review. Guidelines in both the UK and USA have not supported the use of intra-articular facet joint injections because of the absence of evidence to support their use [3, 9, 10] . Nevertheless, they are still widely used. Previous reviews of interventional procedures for low back pain have included multiple procedures and some have included both diagnostic and therapeutic injections. To aid our understanding of the possible role of intra-articular facet joint injection we have, in this review, focussed just on therapeutic intra-articular facet joint injections and have extended our interpretation to include consideration of the different populations recruited and differences in the comparator groups in our excluded studies.
Corticosteroids are established anti-inflammatory agents with demonstrable, short-term, benefits when injected intra-articularly to treat shoulder impingement syndrome or osteoarthritis of peripheral joints [11] [12] [13] [14] [15] . Intra-articular corticosteroid injections are beneficial in rheumatoid arthritis and have been shown to provide symptomatic relief for up to 3 months duration [16] .
At a molecular level, corticosteroids may alter the transcription of pro-inflammatory genes [17] . The pain may originate from an inflammatory process occurring within the synovial joint or on the articular surfaces of the facet joints [18] . By reducing the levels of inflammation in or around the facet joint, there will be a reduction in the release of inflammatory mediators, which may be acting directly on the receptors or sensitising them to provoke a response.
With the success of corticosteroid injections in other joints and a firm knowledge of the mechanism of action of corticosteroids, it is reasonable to hypothesise that the same benefit could be delivered in another synovial joint, i.e. the facet joints. Furthermore, any symptom relief may facilitate adherence to physiotherapy or an exercise programme designed to improve lumbar range of movement and muscular stability [19] .
Interpreting research data on treatment for facet joints needs to take into account how the exact research question being addressed impacts on study design and interpretation of the results. There are substantial challenges in arriving at a clinical diagnosis of probable facet joint pain; and hence, who should be considered for facet joint injections [20] . For a confirmed diagnosis, a positive diagnostic injection of local anaesthetic is required [21] . For studies of treatments for facet joint injections either clinical assessment or a positive diagnostic procedure can be used to define entry criteria. Intraarticular facet joint injections can be evaluated pragmatically by testing their effectiveness when they are compared with a conservative treatment (or no treatment). Alternatively they can be evaluated in more explanatory studies where they are compared to a placebo control or to a sham procedure.
We report a systematic review of randomised controlled trials of therapeutic intra-articular lumbar facet joint injections.
Specifically our objectives were:
1. To determine if facet joint injections with active drug are more effective in reducing back pain and back pain-related disability than a sham procedure or a placebo/inactive injection. 2. To determine if facet joint injections with active drug or placebo/inactive injection are more effective in reducing back pain and back pain-related disability than conservative treatment.
Methods

Types of studies
We prospectively registered our systematic review with the International Prospective Register of Systematic Reviews (PROSPERO) (CRD42015018991) http://www.crd.york.ac. uk/PROSPERO/display_record.asp?ID=CRD42015018991. We only included RCTs of therapeutic interventions; we excluded studies of diagnostic injections alone.
Types of participants
Male and female patients aged 18 or over reporting symptoms of acute (\6 weeks), sub-acute (6-12 weeks), or chronic (12 weeks or more) back pain.
Types of interventions
We only included studies on injections into or around the facet joints. Injections into other areas were excluded.
Sham procedures were defined as any procedure whereby the participant had believed a corticosteroid had been injected into their facet joints. This may include inserting a needle into the facet joint, but not injecting a substance or using a device to replicate the sensation of a needle.
A placebo was defined as being any inert substance injected into or around the facet joint which may include saline.
Conservative therapy included the following interventions:
• Oral or topical medications.
• Corticosteroid injections other than into the facet joints.
• Physical therapies including exercise (supervised or unsupervised), acupuncture, and manual treatments (osteopathy and chiropractic).
• Psychological interventions including cognitive-behavioural therapy (CBT).
A sham facet joint injection and a corticosteroid injection delivered other than to the facet joints was considered to be a sham procedure. Injection of corticosteroid delivered other than to a facet joint without a sham facet joint injection was considered as conservative treatment.
Types of outcome measures
We considered trials reporting at least one of the following:
• Symptom relief based on pain.
• Back specific functional status (disability).
We included trials that included outcomes for short term (4 weeks), medium term (3 months) and long term (6 months or longer). Where there are other outcomes listed, we selected the closest matching to our categories.
We considered the following outcomes:
• Pain-measured by Visual Analogue Scale (VAS), Numerical Rating Scale (NRS) or McGill pain questionnaire or similar.
• Disability-measured by Oswestry disability index (ODI), Roland-Morris disability questionnaire (RMDQ), Million VAS disability score or Sickness Impact Profile (SIP) or similar.
We considered the following secondary outcomes:
• Adverse events.
Search methods for identification (electronic/other resources)
We used the search strategy developed by the Cochrane Back Review Group [22] and Chapter six 'Searching for Studies' of the Cochrane Handbook [23] .
The following databases were searched for relevant studies:
In addition, citation tracking of the studies retrieved by the search was conducted until no new studies were found. Ongoing trials were identified through the WHO International Clinical Trials Registry Platform (http://www.who. int/ictrp/en/) and ClinicalTrials.gov websites. Details of the search strategies are provided in the appendices (Appendix 1, available online as Supplemental Digital Content…).
Data collection and analyses
For each of the steps the two reviewers (RV, RB) independently selected studies, assessed the risk of bias, extracted data and resolved differences by consensus bringing in a third review author (HS or DE) when disagreements persisted.
Selection of studies
The two review authors screened the titles and abstracts after which the full text of potentially relevant studies were then retrieved for the final selection of eligible studies.
Data extraction and management
The two review authors independently extracted the data using standardised data extraction forms. The following information was collected:
• Study characteristics (aims of the study, study design, randomisation).
• Population characteristics-(patient population source or setting, study inclusion and exclusion criteria, duration of low back pain, diagnostic criteria, age, sex, country).
• Intervention characteristics-(description and types of corticosteroid, dose).
• Comparator characteristics-(description of comparator, duration, frequency).
• Outcome data-(pain intensity and disability at short term, medium term and long term).
• Number of participants assessed, number of dropouts.
• Statistical methods and results.
Assessment of risk of bias in included studies
Two review authors independently assessed the risk of bias. Disagreements that could not be resolved were referred to a third review author (HS). The risk of bias assessment tool recommended by The Cochrane Collaboration [23, 24] and the Cochrane Back Review Group's updated method guidelines [22] were used. Studies were characterised as 'Low Risk', 'High Risk', or 'Unclear Risk' of bias for each of the criteria. A study with a low risk of bias was defined as having low risk on six or more of the items and no fatal flaws. A study was defined as having unclear risk of bias if one or more of the criteria did not have enough information.
Data synthesis
Heterogeneity between the included studies was explored by looking at the methodologies and outcomes being considered. We planned, where possible, to do meta-analyses. Heterogeneity in how the research questions were framed meant this was not possible. As such, we present a narrative synthesis of the available data.
Results
We identified 507 articles from electronic databases and an additional 24 from related systematic reviews. After removal of duplicates there were 393 unique articles which were screened for inclusion. We retrieved 42 full papers; 36 of these were excluded leaving six included studies. See Fig. 1 . PRISMA flow diagram [25] .
Included studies
We included six trials with a total of N = 434 participants (range 18-109 participants); Lilius [26] , Carette [27] , Mayer [28] , Celik [29] , Kawu [30] and Ribeiro [31] .
The inclusion criteria were variable (Table 1) . Two trials (Carette [27] , Mayer [28] ) included a diagnostic injection, into the facet joints, one trial, (Ribeiro [31] ) used a combination of clinical and radiological assessment. The remaining three Lilius [26] , Celik [29] , and Kawu [30] used a clinical assessment only. The inclusion criteria fall under four broad headings these are: pain intensity or duration, physical tests, diagnostic tests, or more general criteria (see Table 1 ). Inclusion criterion: Segmental rigidity on examination with maximum of 3 segments included (either unilateral or bilateral rigidity) Exclusion criteria: Declined injection as a treatment option More than 3 levels of segmental rigidity Failure to achieve insurance preauthorisation Exercise plus 1 ml 2 % lidocaine, 1 ml 0.5 % bupivacaine including 1 ml of a depot corticosteroid preparation (unspecific) Exercise only-twice a week in a facility and advised to do home stretching programme. Use facility 4-6 h, beginning once-twice a week and then ending final week with daily exercise 
Injection procedures and injectate
All six trials used different injection procedures with variations in the number of joints injected and whether they are injected unilaterally or bilaterally. Lilius [26] had two intervention groups who either had injections into the facet joints (intra-articular) or injections 'around' the facet joints (peri-capsular). These two groups were pooled for the final comparison.
The injectate used varied in volume and content. Three trials used a combination of bupivacaine hydrochloride (local anaesthetic) and methyl-prednisolone (corticosteroid) in various volumes and concentrations (Lilius [26] , Celik [29] , Kawu [30] ). Carette used a combination of methyl-prednisolone and saline (no local anaesthetic). Mayer et al. used a combination of bupivacaine and a nonspecified depot preparation corticosteroid. Ribeiro [31] used a combination of triamcinolone hexacetonide and lidocaine (Table 1) .
Sham/placebo controls
Two trials Lilius [26] and Carette [27] used intra-articular saline as a placebo control, whilst Ribeiro [31] used active injections into para-spinal muscles as a sham control.
Conservative treatments
Three trials include a 'conservative treatment' as a control. One was a drug regime and at least 4 days bed rest (Celik [29] ). In the other two trials the control treatment was a physical therapy one based on a McKenzie regime (Kawu [30] ) and the other, facility based, exercises and advice to use stretching exercises at home (Mayer [28] ). Two trials, Celik [29] and Kawu [30] , used conservative treatment as an alternative to injections whilst Mayer [28] added injections to conservative treatment.
Two of the trials included a sample size calculation for their primary outcomes (Carette [27] , Ribeiro [31] ). Reason for incomplete follow-up was not reported in one study (Carette [27] ), four studies had no loss at follow-up (Lilius [26] , Mayer [28] , Celik [29] , Kawu [30] ), one study (Ribeiro [31] ) reported four dropouts, three missed followup and one, in the intervention group, died (not related to study).
Three trials reported adverse events. Lilius et al. [26] , reported 'few' side effects but do not specify what they were. Carette et al. [27] , report some localised pain near injection site. Ribeiro et al. [31] report adverse events, noting there were no significant differences between groups. These included; post-procedure pain (n = 9), cutaneous hypochromia (n = 1), increase in blood glucose levels (n = 5), vaginal bleeding (n = 3), dizziness (n = 3) and nausea (n = 3). In addition, one control group patient had a serious adverse event; gastrointestinal bleeding, which required endoscopic therapy. They also note that one patient in the intervention group had a fall after a follow-up visit that caused an aggravation of the patient's back pain.
Excluded studies
We excluded 36 studies which included Kennedy, 2013 and Hayes, 2006 which were excluded as there was only an abstract available [32, 33] . Contact was made with the lead author of the Kennedy paper who is in the process of submitting a manuscript. Brief details of the excluded studies are provided in the appendices (Appendix 2, available online as Supplemental Digital Content…).
Measures of outcome (i.e. pain and disability)
All six of the trials report on pain and disability outcomes ( Table 2 ). All six of the trials used a visual analogue scale for pain, some of these are well defined with anchors described but others are less specific. Carette, also included the McGill pain questionnaire from which the 'mean present pain intensity' was taken as the variable of interest for this review. Disability was measured with a variety of tools. Two trials included the Oswestry Disability Questionnaire with the first noting that they used a modified version and the second quotes they used the 'Oswestry disability index' (Celik [29] , Kawu [30] Table 2) .
Length of follow-up
End of follow-up was between 5 and 7 weeks in Mayer, 3 months in Lilius, 24 weeks in Ribeiro and 6 months in Carette, Celik and Kawu (Table 2) . Figure 2 includes a quality assessment profile for each of the included trials. These are summarised below. Male: preintervention = 7.8 ± 1.9, 6-week score = 5.9 ± 2.1, 3-month score = 4.5 ± 1.3 6-month score = 4.1 ± 1.7 Females: preintervention = 7.2 ± 1.6, 6-week score = 5.1 ± 2.1, 3-month score = 4.1 ± 1.5, 6-month score = 3.9 ± 1.2 Control group VAS: Male: Pre-intervention = 7.4 ± 2.1, 6-week score = 6.8 ± 1.9, 3-month score = 5.8 ± 1.6, 6-month score = 5.2 ± 1.3 Female: Pre-intervention = 7.0 ± 2.3, 6-week score = 6.4 ± 1.5, 3-month score = 5.2 ± 1.4, 6-month score = 4.8 ± 1.9
Quality assessment profiles
Post intervention mean VAS significantly lower in intervention
Intervention group ODI:
Male: Pre-intervention = 58.6 ± 6.8, 6-week score = 49.7 ± 6.2, 3-month score = 42.3 ± 5.5, 6-month score = 39.6 ± 4.9 Females: Pre-intervention = 52.3 ± 9.2, 6-week score = 47.0 ± 7.1, 3-month score = 38.9 ± 6.8 6-month score = 37.1 ± 5.2 Control group ODI: Male: Pre-intervention = 59.0 ± 8.6, 6-week score = 55.3 ± 5.4, 3-month score = 53.7 ± 7.2, 6-month score = 51.8 ± 6.3 Female: Pre-intervention = 56.3 ± 8.9, 6-week score = 53.4 ± 7.1, 3-month score = 38.7 ± 6.3, 6-month score = 37.1 ± 4.9
FJI group fared consistently better with a low mean score against the mean score against the mean score of the physiotherapy group. No direct information specifically reported for the ODI except graph showing ODI against time * Trials including a diagnostic block injection
Allocation (selection bias)
There was generally low-risk allocation bias across all studies with concealment maintained. However, there were two studies from which it was not possible to determine risk of allocation bias as there was no description of the process. One study (Mayer) was at high risk of allocation bias as patients were allocated to the two groups in an alternating manner (see Fig. 2 ).
Blinding (performance bias and detection bias)
One study (Lilius) was unclear on its method of blinding and whether participants were truly blinded to what they were receiving. In Carette's study, the participants were blinded as to which treatment they were receiving with the syringe covered in tin foil for both control and intervention. The care providers and assessors were also blinded.
Celik et al. had high risk of blinding bias due to the control being exercise or physiotherapy, the participants could not be blinded to the process.
Ribeiro was partially blinded with the participants; however, the care providers were not blinded as they were injecting the control and treatment in different anatomical sites.
Incomplete outcome data (attrition bias)
In two studies (Lilius and Carette) there were patients who did not attend the follow-up examination post-treatment; however, this was deemed to be insignificant to the outcomes drawn by the paper as they were from both the control and intervention groups. Similarly, in another study (Ribeiro) , there was low risk of attrition bias as equal numbers were lost from the control and intervention groups. Celik et al. studies were low risk as no patients left the study.
Selective reporting (reporting bias)
These are generally low risk across the studies with the prespecified set of outcomes being reported.
Effects of interventions
Here we present the outcomes of the trials split into two categories, which are:
• Injection versus sham control.
• Injection versus conservative treatment control.
Those including a diagnostic injection will be highlighted. Understanding how differences in participant selection, and the comparators used in these trials is critical to understanding how the results might be interpreted and where data pooling might be possible. We have sought to clarify the differences and similarities in Fig. 3 .
Below we summarise the outcome findings from the trials details can be found in Table 2 .
Injection versus sham control (pain and disability outcomes)
Three trials have an injection verses a sham injection control (Lilius [26] , Carette [27] , Ribeiro [31] ) with one (Carette [27] ) using a diagnostic injection before randomisation (Table 2a ). In the Carette trial 190 patients were given the diagnostic injection (lidocaine), 110 patients met the inclusion criterion of a 50 % or more reduction in pain, two of these had no recurrence of pain and seven chose not to participate. Therefore, 101 patients entered the randomised phase (intervention, n = 51, placebo, n = 50). Four patients, two in each arm, were later excluded from analysis for not meeting inclusion criteria. None of these trials report significant differences in pain or disability between groups at their pre-specified primary outcome. Carette [27] reports significant between-group differences in the visual analogue pain score (mean difference -1.0, 95 % CI -2.0 to -0.1) and the sickness impact profile (physical dimension) (mean difference -3.0, 95 % CI -6.2 to 0.2) at final follow-up (6 months) [27] . Ribeiro report statistically significant differences in role physical sub-scale of SF-36 over 24 weeks (p = 0.023), 'improvement percentage' at 1 and 24 weeks (p = 0.03 and p = 0.04), pain improvement at week one (p = 0.029), Diclofenac use (p = 0.04), and Roland-Morris Disability score at 12 weeks (p = 0.01) [31] .
Injection versus conservative treatment control (pain and disability outcomes)
Three trials have injection verses a conservative treatment (Mayer [28] , Celik [29] , Kawu [30] ) with one (Mayer [28] ) using a diagnostic injection (see Table 2b ). One trial (Mayer [28] ) reports no significant differences between groups for either pain or disability at follow-up (5-7 weeks). The results in the Kawu trial are presented within group, but they do state that there was a significant between-group improvements in pain (intervention, males, mean 4.1 ± 1.7, females 3.9 ± 1.2 and control males 5.2 ± 1.3, females 4.8 ± 1.9, p = 0.032) at 6-month follow-up. For disability outcomes they report a significant improvement over time (p = 0.013) [30] . Celik [29] only report within-group data; there are no between-group results reported (Table 2 ).
Discussion
Our systematic review revealed that there were few trials of intra-articular facet joint injections. That no two trials have tested similar hypotheses means it is difficult to draw any clinically useful conclusions.
There is a wide range in the quality of the six trials reported here. Only two, (Carette [27] , Ribeiro [31] ) reported a sample size calculation, and had clear information on randomisation and only one of these provided information about allocation-concealment [31] .
There is no consistent pattern of benefit across trials. Some show levels of improvement whilst others find none. Indeed, patients improve with and without the intervention treatment. In the Lilius study, they found there was improvement in pain and disability across all three intervention groups [26] . Similarly, in the Ribeiro trial both treatments are found to be equally effective with only a slightly larger improvement following intra-articular steroids over intramuscular injections in some secondary outcomes; but without a consistent pattern. Both groups were found to have improvement with regard to functional status; however, the difference between them was not statistically significant until week 12. The co-intervention intake was significantly different between the two groups with diclofenac intake reduced in the experimental group [31] .
Mayer suggests that corticosteroid injections in conjunction with supervised stretching exercises may improve pain or disability outcomes rather than exercise alone. However, they concluded that facet joint injections do not explain the improved pain and disability outcomes observed in the control and treatment groups as the preand post-trial measures were comparable and therefore could not be attributed to the pharmacological profile of the cortisone taking effect. Even though the range of lumbar movement was observed to be significantly improved in the treatment group. The study also stated possible bias due to the difference in segmental rigidity of participants between both groups despite randomisation, but due to the range of movements being opposite in both groups, they disregarded this as a potential source of bias [28] .
The Kawu trial does report a positive significant result for both pain and disability outcomes at 6 months [30] . The control, conservative treatment, in this trial was physiotherapy (McKenzie technique) this technique encourages extension of the back. There is now a growing body of evidence that this will just make the pain worse for those with chronic low back pain particularly those with facet joint pain. Thus it maybe that the lack of improvement in pain and disability outcomes in the control group was due to exacerbation of the patients back pain problems by the exercises given [34] .
Overall completeness of evidence in terms of applicability, from the current evidence, does not support the use of intra-articular facet joint injections. However, as statistically significant between-group differences are reported in some secondary outcomes (all favouring intervention) in some of the studies there is merit in further investigating their potential effectiveness.
In the majority of studies presented in this review, no adverse events or side effects associated with the treatments were reported. Transient symptoms such as increased low back discomfort were noted though most trials were small and not designed to evaluate adverse events, so no clear conclusion can be drawn regarding the risks of facet joint injections. It is important that future trials record any adverse events while using these procedures in order to appropriately weigh any benefits against potential risks.
It is possible that in searching studies for this review, relevant but unpublished trials may have been missed, which are often likely to be small studies without positive results, leading to publication bias. However, because the majority of published trials was small and did not show a positive effect, publication bias does not seem to be a big problem in this review.
Due to the study selection criterion used, including only trials of intra-articular facet joint injections, this review included fewer studies than similar reviews [9, 35] . Many excluded RCTs used different types of injection therapy and denervation procedures. However, the main conclusions of our review appear to be similar to recent systematic reviews, which generally report a paucity of highquality RCTs on injection therapy for lower back pain and insufficient evidence to support their use.
Conclusions
Facet joint injections are commonly used; however, there is insufficient high-quality evidence to support their usage over placebo/sham-controlled procedures or conservative therapy for lower back pain. Further investigations are required to prove their efficacy in targeting lower back pain, which is attributed to facet joints and this must be balanced against any potential adverse events as a result of the injections.
Further randomised controlled trials of higher methodological standard comparing facet joint injection with a sham/placebo control or conservative treatment are needed from which to base any conclusion on the effectiveness of facet joints in improving pain and disability outcomes.
